Abstract. Emerging evidence suggests that DEAH-box polypeptide 32 (DHX32) serves an important role in the progression and metastasis of cancer. However, the role of DHX32 in breast cancer remains to be completely elucidated. The aim of the present study was to evaluate the expression and clinical significance of DHX32 in breast cancer. The reverse transcription-quantitative polymerase chain reaction was performed to analyze DHX32 messenger (m)RNA expression, and western blotting and immunohistochemistry were performed to examine DHX32 protein expression in breast cancer and adjacent non-cancerous tissues. The association in breast cancer between DHX32 expression, clinicopathological features and prognosis was analyzed using 193 breast cancer tissue samples. The results of the present study demonstrated that breast cancer tissues exhibited increased DHX32 mRNA and protein expression compared with adjacent non-cancerous tissues (P<0.001). In addition, DHX32 expression was significantly associated with breast cancer clinical stage (P=0.006), histological grade (P=0.029), lymph node metastasis (P<0.001) and expression of the proliferation marker Ki-67 (P=0.004). Kaplan-Meier estimator analysis indicated that increased DHX32 expression is associated with poor prognosis in patients with breast cancer. Furthermore, the Cox proportional hazards model indicated that DHX32 expression is an independent prognostic factor for decreased overall survival and disease-free survival in patients with breast cancer. In conclusion, the results of the present study suggest that DHX32 overexpression is an unfavorable prognostic biomarker in breast cancer and a potential therapeutic target of future breast cancer treatments.
Introduction
Breast cancer is the most frequently diagnosed cancer in women, with 425,000 new cases reported each year and an annual mortality of 78,000 individuals in China (1) . Despite the existence of a variety of breast cancer treatments, including surgical resection, adjuvant chemotherapy, radiotherapy, hormone therapy and targeted therapy, breast cancer remains the second leading cause of cancer-associated mortality in women worldwide (2) . To date, a number of molecules have been demonstrated to serve roles in breast cancer progression and metastasis, and the discovery of biomarkers, including HER2, has led to targeted treatment options (3); however, the underlying mechanisms of breast cancer development and progression remain unclear. Therefore, the identification of novel breast cancer biomarkers is required to improve the determination of cancer prognosis and the development of treatments.
Human RNA helicases constitute an extended family of enzymes that serve important roles in numerous aspects of RNA metabolism, including splicing, transcription, translation and degradation (4, 5) . DEAH-box polypeptide 32 (DHX32) is a novel RNA helicase containing a unique helicase domain structure and has been observed to be dysregulated in certain types of tumor (6, 7) . In addition, a number of other RNA helicases have been demonstrated to be dysregulated in various types of cancer, although their exact role in carcinogenesis remains to be completely elucidated (8, 9) . RNA helicases are involved in the regulation of multiple cancer-associated molecules, including DEAD-box helicase 5 (DDX5) (10), DDX17 (11) and DHX9 (12) (13) (14) . Human DHX32 exhibits widespread tissue distribution, including colon, breast and lung tissue. In addition, the amino acid sequence of human DHX32 is highly homologous to that of its murine counterpart, with 84% identity and 90% similarity, indicating that it is an evolutionally conserved and functionally important gene (15) . A previous study demonstrated that DHX32 is overexpressed in colorectal cancer (CRC) tissue samples compared with adjacent wild-type tissue (7) . In addition, DHX32 expression is significantly associated with clinicopathological features of CRC, which suggests that DHX32 may be used as a prognostic biomarker in patients with CRC (7). A recent study observed that DHX32 promotes the proliferation, migration and MENG WANG  1 , GUOJUN ZHANG  1,2 , YAJIE WANG  3 , RUIMIN MA  1 , invasion of CRC cells by activating the Wnt signaling pathway and downregulating pro-apoptotic gene expression (16) . This suggests that DHX32 expression is associated with CRC development and progression (16) . However, the exact role of DHX32 in breast cancer remains unclear.
DHX32 expression is an indicator of poor breast cancer prognosis
In the present study, the expression of DHX32 in breast cancer and adjacent non-cancerous tissue samples was investigated, demonstrating that DHX32 was markedly upregulated in human breast cancer specimens. Furthermore, the association between DHX32 expression and the clinicopathological features of patients with breast cancer was examined to assess whether DHX32 is a potential prognostic indicator in breast cancer.
Materials and methods
Patients and specimens. A total of 193 paraffin-embedded breast cancer specimens were obtained from the Beijing Tiantan Hospital (Beijing, China) between June 2007 and December 2009. In addition, a total of 40 pairs of freshly frozen breast cancer tissue samples and adjacent normal mammary tissue samples were collected during surgery at the Beijing Tiantan Hospital between May 2014 and September 2014. All fresh samples were snap-frozen in liquid nitrogen and stored at -80˚C until required and none of the patients received chemotherapy or radiotherapy prior to surgery. Breast cancer diagnosis was confirmed by histological analysis of tissue sections stained with hematoxylin and eosin, and complete clinical data of the 193 breast cancer cases was obtained and reviewed. Male breast cancer patients were excluded from the present study. The clinical follow-up time was 60 months. The overall survival time (OS) was calculated as the time between the date of surgery and breast cancer-associated mortality. The disease-free survival time (DFS) was calculated as the time between the date of surgery and initial tumor progression, which was indicative of initial recurrence of cancer. Table I presents the clinicopathological characteristics of the 193 patients. The present study was approved by the Ethics Committee of Beijing Tiantan Hospital (Beijing, China) and written informed consent was obtained from all subjects.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis. DHX32 messenger (m)RNA expression in 40 pairs of breast cancer and adjacent non-cancerous tissues was detected using RT-qPCR. Total RNA was extracted using TRIzol ® reagent (Invitrogen; Thermo fisher Scientific, Inc., Waltham, MA, USA) according to the manufacturer's protocol. RT-qPCR was performed using a Thermal Cycler Dice Real Time System TP800 (Takara Bio, Inc., Otsu, Japan) and the SYBR Premix ExTaq kit (Takara Biotechnology Co., Ltd., Dalian, China) to detect DHX32 mRNA expression, according to the manufacturer's protocol. GAPDH was used as an internal control. The PCR primers for DHX32 and GAPDH are shown in Table II . The thermocycling conditions for RT-qPCR were as follows: 95˚C for 30 sec; and 40 cycles of 95˚C for 5 sec, 51˚C for 20 sec and 72˚C for 30 sec. Each reaction was performed in triplicate, and the mean DHX32 mRNA level for each tumor sample was compared with its adjacent non-cancerous tissue sample. The relative expression of DHX32 was calculated using the 2 -ΔΔCq method (17) and normalized to GAPDH.
Western blot analysis.
A total of eight randomly selected fresh tissue samples were lysed in protein lysis buffer containing 50 mmol/l Tris-HCl (pH 7.4), 150 mmol/l NaCl, 1% NP-40, 0.1% SDS and a protease inhibitor cocktail, followed by centrifugation (12,000 x g for 20 min at 4˚C). Protein concentrations were determined using a bicinchoninic acid protein quantitation kit (Applygen Technologies, Inc., Beijing, China). A total of 50 µg each protein sample was separated by SDS-PAGE on a 12% gel and transferred to a polyvinylidene fluoride membrane. Following blocking in PBS with Tween 20 add 5% skim milk powder for 1 h at room temperature, the membrane was incubated with anti-DHX32 rabbit antibody (catalog no. 19808-1-AP; dilution, 1:500; Proteintech Group, Inc., Chicago, IL, USA) at 4˚C overnight. Following three washes in TBS plus Tween 20 buffer, the membranes were incubated with a horseradish peroxidase (HRP)-conjugated anti-rabbit immunoglobulin G (IgG) secondary antibody (catalog no., HS101-01; dilution, 1:2,000; Beijing TransGen Biotech Co., Ltd., Beijing, China) for 1 h at room temperature. Immunoreactive protein bands were visualized using an enhanced chemiluminescence reagent (Applygen Technologies, Inc.). β-actin was used as a loading control, and the membrane was incubated with anti-β-actin mouse monoclonal antibody (catalog no. HC201-01; dilution, 1:2,000; Beijing TransGen Biotech Co., Ltd.) at 4˚C overnight. Upon washing, the membranes were incubated with an HRP-conjugated anti-mouse IgG secondary antibody (catalog no. HS201-01; dilution, 1:2,000; Beijing TransGen Biotech Co., Ltd.) for 1 h at room temperature. Other steps were the same as above.
Immunohistochemistry (IHC) analysis. Paraffin-embedded sections from 193 clinical specimens were deparaffinized in xylene and rehydrated in a descending ethanol series. Heat-induced antigen retrieval was performed in 0.01 M citrate buffer (pH 6.0) at 100˚C for 10 min. Endogenous peroxidase activity was inhibited by immersion in 0.3% hydrogen peroxide for 10 min. To block the sections, 5% bovine serum albumin (Beijing Solarbio Science & Technology Co., Ltd, Beijing, China) in PBS was used for 1 h at room temperature. The sections were next incubated with an anti-DHX32 rabbit monoclonal antibody (catalog no. 19808-1-AP; dilution, 1:100; Proteintech Group, Inc.) overnight at 4˚C. Following washing with PBS, sections were incubated with an HRP-labeled IgG secondary antibody (catalog no., KIHC-1; Proteintech Group, Inc.) for 30 min at room temperature. The immunoreactive products were visualized using the 3,3'-Diaminobenzidine Color Development kit (ZSGB Biotech, Beijing, China). Following washing in water, sections were counterstained with hematoxylin and dehydrated in an ascending series of methanol, prior to being cleaned in xylene and mounted on a coverslip. Negative controls were processed in parallel following the same protocol, but substituting the primary antibody for PBS.
The stained tissue sections were examined by an evaluator who was unaware of the clinicopathological features of each sample. DHX32 protein expression was classified semi-quantitatively according to the synthetic evaluation of the quantity and intensity of positively stained cells, as described below. The percentage of positively stained cells was grouped into four grades: 0 points (0%), 1 point (1-10%), 2 points (10-50%) and 3 points (>50%). Staining intensity was segmented into four ranks: 0 points (no staining), 1 point (weak staining), 2 points (moderate staining) and 3 points (strong staining). The status of DHX32 expression was determined by the total points from percentage of positive cells and staining intensity, as low expression (0-3 points) or high expression (4-6 points).
Statistical analysis. All data were analyzed using SPSS software version 20.0 (IBM SPSS, Armonk, NY, USA). RT-qPCR results are presented as the mean ± standard deviation. The difference in DHX32 mRNA expression between breast cancer and adjacent non-cancerous tissue samples was assessed using the Wilcoxon signed-rank test. Pearson's χ 2 test and Fisher's exact test were used to analyze the association between DHX32 expression and clinicopathological features of breast cancer. Survival data were evaluated using the Kaplan-Meier estimator and log-rank test. Multivariate analysis was performed using the Cox proportional hazards model. Univariate and multivariate Cox proportional hazards regression analyses were performed to evaluate the impact of DHX32 expression and other clinicopathological factors on OS and DFS. P<0.05 was considered to indicate a statistically significant difference.
Results

DHX32 expression is increased in breast cancer.
To identify the role of DHX32 expression in breast cancer, RT-qPCR was performed to evaluate the mRNA expression in 40 pairs of breast cancer and adjacent normal mammary tissues, with GAPDH serving as the internal control. Compared with adjacent non-cancerous tissue, breast cancer tissue exhibited increased DHX32 mRNA expression (P<0.001; Fig. 1) . Furthermore, the DHX32 protein expression of eight randomly selected breast cancer and adjacent non-cancerous tissue samples was evaluated using western blotting. DHX32 was observed to be overexpressed in the breast cancer tissue samples compared with the non-cancerous tissue samples (Fig. 2) . These results were consistent with the IHC analyses, which demonstrated increased DHX32 expression in the breast cancer tissue samples, localized primarily to the cytoplasm, compared with the adjacent non-cancerous tissue samples (Fig. 3) .
Association between DHX32 protein expression and the clinicopathological characteristics of patients with breast cancer.
DHX32 protein expression was assessed in 193 archived paraffin-embedded breast cancer samples using IHC staining. The 193 breast cancer patients were divided into two groups: A low DHX32 expression group and a high DHX32 expression group. DHX32 protein expression was then compared with the clinicopathological characteristics of the patients. The clinicopathological characteristics of all of the subjects are indicated in Table I . As summarized in Table III, Prognostic significance of DHX32 expression in breast cancer. To investigate the prognostic significance of DHX32 in breast cancer, the effect of DHX32 protein expression on OS and DFS in 193 samples from breast cancer patients was assessed using the Kaplan-Meier estimator and the log-rank test. DHX32 protein expression was observed to be associated with OS and DFS in patients with breast cancer (Fig. 4) . Patients with a high expression of DHX32 exhibited significantly decreased OS (P=0.002) and DFS (P=0.007) compared with patients with a low DHX32 expression. To evaluate the impact of each variable on OS and DFS, univariate and multivariate Cox proportional hazard regression analyses were used to evaluate the impact of breast cancer DHX32 protein expression and clinicopathological parameters on the prognosis of patients (Table IV) . Univariate analysis indicated that the significant factors associated with OS and DFS included clinical stage, histological grade, lymph node metastasis, erb-b2 receptor tyrosine kinase 2 (HER-2) status, Ki-67 expression and DHX32 expression (all P<0.05; exact P-values shown in Table IV ). The multivariate analyses indicated that DHX32 protein expression, clinical stage, lymph node metastasis and HER-2 status are significant independent prognostic factors for the OS and DFS of patients with breast cancer (all P<0.05; exact P-values shown in Table IV ).
Discussion
Breast cancer is one of the most common cancers in women worldwide. Although progress has been made in treatment options for this disease, the morbidity and mortality rates associated with breast cancer continue to increase in various countries in South America, Africa and Asia (18) . Therefore, in addition to the established molecular markers, there is a requirement to identify novel biomarkers and therapeutic targets. In the present study, DHX32, a novel RNA helicase, was observed to be overexpressed in breast cancer tissue samples compared with adjacent non-cancerous tissue samples. In addition, the results of the present study indicated that increased DHX32 expression in breast cancer is significantly associated with an increased clinical stage and histological grade, and a positive lymph node metastasis and Ki-67 expression status of the tumor. Furthermore, increased DHX32 expression in breast cancer cells was significantly associated with decreased OS and FDS of the patients. These results indicate that increased DHX32 expression is a prognostic marker in breast cancer. DHX32 was identified to be a novel RNA helicase containing a unique helicase domain, though it shares similarity with the DHX family of RNA helicases (4). RNA helicases are evolutionarily conserved enzymes that regulate numerous aspects Immunohistochemical staining of DHX32 and Ki-67 proteins in breast tissue samples. DHX32 staining of adjacent non-cancerous mammary tissue at a magnification of (A) x200 and (B) x400. DHX32 staining of breast cancer tissue at a magnification of (C) x200 and (D) x400. Ki-67 staining of adjacent non-cancerous mammary tissue at a magnification of (E) x200 and (F) x400. Ki-67 staining of breast cancer tissue at a magnification of (G) x200 and (H) x400. DHX32, DEAH-box helicase 32; Ki-67, marker of proliferation Ki-67.
of RNA metabolism, including transcription, splicing, translation and degradation (19) . Dysregulation of these critical steps affects the ultimate expression of cellular proteins and consequently determines cell fate (20) . With a few exceptions, the biochemical characteristics and functions of the majority of human RNA helicases, including DHX32, have not been well characterized. However, RNA helicase gene dysregulation, including downregulation, upregulation and chromosomal translocation, has been observed in various tumor types (9) . DDX1 was reported to be overexpressed in breast cancer and associated with poor survival (21, 22) . Furthermore, DDX5 was reported to be overexpressed in and to serve an important role in the proliferation of breast cancer cells (23, 24) . In addition, RNA helicases have been demonstrated to be involved in the interaction and regulation of various cancer-associated molecules (8) (9) (10) (11) (12) . Therefore, increasing evidence indicates that RNA helicases serve an important role in cancer initiation and progression.
The widespread expression of DHX32, and the high level of similarity between human and murine DHX32, suggests that DHX32 is a functionally important gene (25) . DHX32 was observed to be dysregulated in lymphoid malignancies (6) . Furthermore, it was observed that DHX32 protein expression is increased in CRC tissue compared with adjacent wild-type tissues (7). DHX32 protein expression was also significantly associated with cancer location, lymph node metastasis, nodal status, differentiation grade and Dukes' stage (7). A recent study by Lin et al (16) indicated that DHX32 promotes the proliferation, migration and invasion of CRC cells, which suggests that abnormal DHX32 expression is associated with tumor development and progression. Meng et al (26) reported that DHX32 interacts with BRCA2 and CDKN1A interacting protein, which is the interacting protein gene of the DNA repair-associated protein breast cancer 2 (BRCA2) and cyclin-dependent kinase inhibitor 1A (CDKN1A). It has been demonstrated that BRCA2 and CDKN1A serve important roles in breast cancer development (27) (28) (29) , which suggests that DHX32 is associated with breast cancer progression. The results of the present study indicated that the increased expression of DHX32 in breast cancer is significantly associated with an increased clinical stage and histological grade, and a positive lymph node metastasis and Ki-67 expression status, further suggesting that DHX32 serves a critical role in human breast cancer development. Univariate and multivariate analyses revealed that DHX32 may serve as an independent prognostic factor in patients with breast cancer. To the best of our knowledge, this is the first study that has evaluated the association between DHX32 expression and breast cancer prognosis. However, the exact function and underlying mechanism of DHX32-mediated breast cancer progression remains unclear. .01, as calculated using univariate and multivariate Cox proportional hazard regression analyses. HER2, human epidermal growth factor receptor-2; Ki-67, marker of proliferation Ki-67; DHX32, DEAH-box helicase 32; HR, hazard ratio; CI, confidence interval.
In conclusion, the present study demonstrates that DHX32 expression is associated with the development of breast cancer. In addition, increased DHX32 expression was observed to be associated with poor prognosis in breast cancer, suggesting that DHX32 is a novel prognostic marker. However, large-scale studies are required to verify the prognostic value of DHX32 in breast cancer and further research into the tumor-regulatory mechanisms associated with DHX32 is warranted.
